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CHAPTER 8
DRAINAGE PIPE

8-1. General. A drainage pipe is defined as a structure (other than a
bridge) to convey water through or under a runway, roadway, or some
other obstruction. Materials for these installations include plain or
nonreinforced concrete, reinforced concrete, clay, asbestos-cement,

PVC, corrugated steel, corrugated aluminum, and corrugated
polyethylene.

8-2. Selection of type of pipe.

a. Material selection. The selection of a suitable construction
conduit will be governed by the availability and suitability of pipe
materials for local conditions with due consideration of economic
factors. Scarcity of materials under mobilization condition may
require last minute substitution. The design should be flexible enough
to readily accept substitutions. It is desirable to permit
alternatives so that bids can be received with Contractor's options for
the different types of pipe suitable for a specific installation.

Where field conditions dictate the use of one pipe material in
preference to others, the reasons will be clearly presented in the
design analysis.

b. Design considerations. Several factors should be considered in
selecting the type of pipe to be used in construction. The factors
include strength under either maximum or minimum cover being provided,
pipe bedding and backfill conditions, anticipated loadings, length of
pipe sections, ease of installation, resistance to corrosive actionm by
liquids carried or surrounding soil materials, suitability of jointing
methods, provisions for expected deflection without adverse effects on
the pipe structure or on the joints or overlying materials, and cost of
maintenance. It may be necessary to obtain an acceptable pipe
installation to meet design requirements by establishing special
provisions for several possible materials.

8-3. Selection of n values.  Because of the temporary nature (5-year
life expectancy) of the installation, "n" should tend toward new pipe
values. Sedimentation or paved pipe can affect the coefficient of
roughness. Table 8-1 gives the n values for smooth interior pipe of
any size, shape, or type and for annular and helical corrugated metal
pipe both unpaved and 25 percent paved.

8-4. Restricted use of bituminous-coated pipe. Corrugated-metal pipe
with any percentage of bituminous coating will not be installed where
fuel spillage, wash rack waste, or solvents can be expected to enter
the pipe.
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Table 8-1. Roughness Coefficients for Various Pipes
n Valve

Type of Pipe Unpaved » 25% Paved
Smooth interior* ' 0.013 ' 0.013
Annular Corrugated Metal -
Corrugation size.

2 + 2/3 by 1/2 inch 0.024 0.021

3 by 1 inch 0.027 0.023

6 by 2 inch 0.028 - 0.033 0.024 - 0.028

9 by 2 + 1/2 inch 0.033 0.028

Helical Corrugated Metal (2 + 2/3 by 1/2 inch corrugations)

Pipe diameter

12 - 18 inches 0.011 - 0.014 X
24 - 30 inches 0.016 - 0.018 . 0.015 - 0.016
36 - 96 inches 0.019 - 0.024 0.017 - 0.021

*Pipes of any size, shape or type including asbestos cement, bitu-
minized fiber, cast irom, clay, PVC, concrete (precast or
cast-in-place) or fully paved corrugated pipe.

U.S. Army Corps of Engineers
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8-5. Minimum cover.

a. Conduits under pavement. In the design and construction of the
drainage system it will be necessary to consider both minimum and
maximum earth cover allowable in the underground conduits to be placed
under both flexible and rigid pavements as well as beneath unsurfaced
roads, airfields, and medium-duty landing-mat-surfaced fields.
Underground conduits are subject to two principal types of loads: dead
loads caused by embankment or trench backfill plus superimposed
stationary surface loads, uniform or concentrated and live or moving
loads, including impact. Live loads assume increasing importance with
decreasing fill height. This section refers to minimum cover
considerations only.

b. Capacity. Drainage systems should be designed in order to
provide an ultimate capacity sufficient to serve the planned pavement
configuration. Additions to, or replacement of, drainage lines
following initial construction is both costly and disrupting to
traffic. )

c. Construction cover. It should be noted that minimum conduit
cover requirements are not always adequate during comstruction. When
construction equipment, which may be heavier than live loads for which
the conduit has been designed, is operated over or near an already
in-place underground conduit, it is the responsibility of the
Contractor to provide any additional cover during comstruction to avoid
damage to the conduit.

d. Anticipated loads. For minimum cover design, the maximum
anticipated loads (H20-44, Cooper E60, 15-kip and 25-kip single wheel,
100-kip twin wheel, 265-kip twin-twin [B-52] and 360-kip 12-wheel
[C-5A] assembly loads referred to as single, dual, dual-tandem and
multiple wheel) have been considered. The necessary minimum cover in
certain instances may determine pipe grades. A safe minimum cover
design requires consideration of a number of factors including
selection of conduit material, construction conditions and
specifications, selection of pavement design, selection of backfill
material and compaction, and the method of bedding underground
conduits. Emphasis on these factors must be carried from the design
stage through the development of final plans and specifications.

e. Recommended cover. Tables 8-2 and 8-3 identify the recommended
minimum cover requirements for storm drains and culverts. Minimum
cover requirements have been formulated for: asbestos-cement pipe,
corrugated-steel pipe, reinforced concrete culverts and storm drains,
standard strength clay and nonreinforced concrete pipe, extra strength
clay and nonreinforced concrete pipe and PVC pipe. The cover depths
recommended are valid for average bedding and backfill conditions.
Deviations from these conditions may result in significant changes in
the minimum cover requirements.



Hinimum Pipe Cover Requirements for Alrfields and Heliports

Table 8-2,
(Cover in Feet for Indicated Wall Thickness or Pipe Class)

Clay and Non-Reinforced

Relnforced-toncrete Culverts and Storm Drains Asbestos-Cement Pipe - toncrete Pipe
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PVC Plpe

For. Corrugated Steel (2 + 2/3-In. Corrugations)
dard Extra Plpe diameter
Pipe diameter 0.052 0.064 0.079 0,109 6.138 0,168 Class 1 Class II Class III Class IV Class v Class Class Class Class Class Stan to.

n. in. In, ing in, ing in, 1200 D 1500 D 2000 D 30009 37500 1500, 2500 3300 4000 5000 Strength  Strength Sch, 40 n

15,000-1b_SINGLE-WHEEL LOAD

6 1.0 1.0 - - - - 2.5 2.0 1.5 1.0 1.5 1.0 1.0 - - 2.0 1.5 .8 -
2 - 1.0 1.0 1.0 - - - - 2.5 2.0 1.5 1.0 2.5 2.0 1.5 1.0 1.0 2.5 2.0 e 28
24 1.0 1.0 1.0 1.0 1.0 - - 2.5 2.0 1.5 1.0 - 3.5 2.0 2.0 1.5 3.5 ig (#"15.1nch 36
3 | 10 1.0 1,0 1.0 1.0 1.0 - 2.5 2.0 1.5 1.0 - - - 2.8 2.0 2.5 . dlameter r
48 - 1.0 1.0 1.0 1.0 1.0 2.5 2.0 2.0 1.5 1.0 pipe) 60
60 - - 1.0 1.0 1.0 1.0 2.5 2.0 2.0 1.5 1.0 ”
72 - - - 1.0 1.0 1.0 2.8 2.0 2.0 1.5 - '
84 - - - - 1.0 1.0 2.5 2.0 2.0 - - 96
% - - - - - 1.0 2.5 2.0 2.0 - -

25,000-1b SINGLE-WHEEL LOAD
3.8 6

[ J1.0 1.0 - - - 3.5 3.0 2.0 1.5 2.0 1.5 1.0 - - 2.5 1.5 .

12 1.0 1.0 1.0 - - - - 3.5 2.8 2.0 1.5 3.5 2.5 2,0 1.5 1.5 3.5 2.5 ;-g ;i
24 1.0 1.0 1.0 1.0 1.0 - - 3.0 2.5 2.0 1.5 - a5 3.0 2.5 2.0 a.s 2.5 . fod
36 1.0 1.0 1.0 1.0 1.0 1.0 - 3.0 2.5 2.0 1S - - - 3.0 2.5 3.0 2.5 3
as - 1.0 1.0 1.0 1.0 1.0 3.5 3.0 2.5 2.0 1.5 pos
60 - - 1.0 1.0 1.0 1.0 3.5 2.5 2.0 2.0 1.5 7
72 - - - 1.0 1.0 1.0 3.0 2.5 2.0 2.0 - a4
84 - - - - 1.0 1.0 3.0 2.5 2.0 - - 9
9 - - - - : 1.0 3.0 2.5 2.0 - - -

£-58

6 1.0 1.0 - - - - - - 6.5 2.0 ,:
12 1.0 1.0 1.0 - - - - - - 6.0 2.0 24
24 1.0 1.0 1.0 1.0 - - - - - 5.0 2.0 3
36 1.0 1.0 1.0 1.0 1.0 1.0 - - - 4.5 2.0 48
28 - 1.0 1.0 1.0 10 10 - - - 4.5 2.0 Not Avallable Mot Avallable Mositable 60
60 - - 1.0 1.5 1.0 1.0 - - - 4.5 2.0 : 7
72 - - - - 1.0 1.0 - - - 4.0 2.0 84
84 - - - - 1.0 1.0 - - 8.0 4.0 2.0 o6
o6 - - - - - 1.5

100,000~ TWIN-WMEEL ASSEMBLY LOAD .

5 1.0 1.0 - - - - - 5.0 4.0 5.0 3.0 2.5 - - 8.0 3.8 8.8 5
12 1.0 1.0 1.0 - - - - 7.5 4.5 3.5 - 6.0 4.5 3.5 3.0 - 6.0 7.0 2
21 1.0 1.0 1.0 1.0 1.0 - - - 7.0 a0 3.0 - - - 7.5 5.5 - 6.5 7.0 ot
36 1.5 1.0 1.0 1.0 10 10 - - 6.0 4.0 3.0 - - - - - - 7.0 a8
48 - 1.5 1.0 1.0 1.0 1.0 - - 6.0 4,0 3.0 pos
60 - - 1.5 1.0 1.0 1.0 - - 5.5 3.5 3.0 72
72 - - - 1.5 1.5 1.0 - - 5.5 3.5 - a4
84 - - - - 2.0 15 - - 5.5 - - o6
96 - - - - - 2.5 - - 5.0 - -

265,000-1b TWIN-WHEEL ASSEMBLY LOAD

6 1.0 1.0 - - - - - - 2.5 6.5 8.0 5.0 3.5 - - - 6.0 9.0 -
12 1.0 1.0 1.0 - - - - - - 8.0 6.0 - - 8.0 6.0 5.0 - - 10.0 4
24 120 120 1.0 o 1.0 - - - - 7.5 6.0 - - - - - - - *0.0 b
36 1.5 1.5 1.0 1.0 1.0 1.0 - - - 7.0 " 5.5 - - - - - - -

48 - 2.0 1.5 1.0 1.0 .0 - - - 6.5 5.0
60 - - - 1.5 1.0 1.0 - - - 6.0 5.0
72 - - - 2.0 1.5 1.0 - - - 6.0 -
84 - - - - 2.5 1.5
96 - - - - - 3.5
NOTES:
1 red

{1} Except where Individual plpe installation designs are made,

cover for plpe beneath rurmays, taxiways, aprons, or similar traf-

fic areas will be provided in accordance with this table for flexible
pavement or unpaved surfaces. See note 8 for pipe underlying rigid pavements.

(2) Cover for plpe In alrfield non-traffic areas will be designed
for 15,000-1b. single-wheel lcad.

{3) Cover depths are medsured from top of flexible pavement or
unsurfaced areas to top of plpe, except top of pipe is not to be
above bottom subbase material,

{4) Plpe produced by certaln manufacturers exceeds strength
requirements established by Indicated standards, When 2dditional
strength is proved, the minimum cover may be reduced accordingly.

8-4

(5) At present, minimum cover for aluminum alloy and polyethy-
lene corrugated ploe Installed beneath flexible pavements is not

avallable.

In the absence of other criteris, the following mInimum

requirements wi 11 be followed:

15,000-1b,

. single wheel

Use values shown for corrugated
steel pipe

(6) "p" loads Tisted for the varlous classes of reinforced-concrete plpe are the minimum requ

3-edge test loads to produce ultimste failure, in pounds per linear foot of Internal pipe dl ameter.

(7) The class designation number for asbestos-cement pipe 1s the minimum reoui red 3-edge test load

to produce utlimate fallure in pounds per linear foot.

It is independent of pipe diameter. An

equivalent to the D load can be obtafned by dividing the number in the class desl gnation by the

intemal plipe dlameter in feet.

265,000-15.
Twin-
Twin

Assembly

1.0
1.5

25,00-1b. singte wheel Increase cover depths shown for he bott
' corrugated steel pipe by 0.5 feet (8) Plpe placed under alrfield rigid pavements will have a minimum cover, measured from the bottom
C-5A Same as above, except Increase of the slab, as follows:
cover depth 1.0 feet
265,000-1b. twin-twin Same as above, except increase 15,000-1b, 25,000-1b. 100,000-1b.
assembly cover depth 1.5 feet Plpe Single- Single- . Twin
. sizes, in. Wheel Wheel C-SA Assembly
6-60 0.5 0.5 1.0 ).0
U.S. Army Corps of Engineers Rated b e s Vs
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; f. Embedment. Figures 8-1, 8-2, 8-3, and 8-4 indicate the three
‘main classes of acceptable rigid conduit bedding, the free-body conduit
{dlagrams, load factors and class of bedding, and beddings for positive
) prOJectzng conduits, respectively. Figure 8-5 is a schematic
jﬁtepregentatlon of the subdivision of classes of conduit installation
'which influences loads on underground conduits.

8-6. “Frost condition considerations.

_ a. .Frostheave. The detrimental effects of heaving of
.frost- susceptlble soils around and under storm drains and culverts is a
rpr1nc1pa1 consideration in the design of drainage systems in seasonal
“frost areas. In such areas, freezlng of water within the drainage
'system,.except icing at inlets, is of secondary importance provided the
;hydraulxc design assures minimum velocity flow. Drains, culverts, and
.otther ‘utilities under pavements on frost- -susceptible subgrades are
'frequently locations of detrimental differential surface heaving.
Heav1ng causes pavement distress and loss of smoothness due to abrupt
fdlffefences in the rate and magnitude of heave of the frozen materials.
Heaving' of frost-susceptible soils under drains and culverts can also
result in p1pe displacement with consequent loss of alinement, joint
failurés and, in extreme cases, pipe breakage. K Placing dralns and
‘cylverts beneath pavements should be avoided whenever possible. When
‘this is‘unaVOidable, the pipes should be installed before the base
‘cdurse 18 placed in order to obtaln max1mum unlformlty.

’_b. Base—course excavation. The practice of excavating through base
courses to lay drains, pipes, and other conduits is unsatisfactory
since it is almost impossible to attain uniformity between the
compacted trench backfill and the adjacent material. Special design
considerations for frost conditions and recommended minimum depth of
cover for protectlon of storm drains and culverts in seasonal frost
areas are -given in- table 8-4.

1 c. ,De31gn considerations. The following design criteria should be
considered for installations located in seasonal frost areas.

(1) Cover requirement for traffic loads will govern when such
depth exceeds that necessary for frost protection.

(2) Sufficient granular backfill will be placed beneath inlets
and outlets to restrict frost penetration to nonheaving materials.

(3) Design of short pipes with exposed euds, such as culverts
under roads, will consider local icing experience. If necessary, extra
size pipe will be provided to compensate for icing.

(4) Depth of frost penetration in well drained, granular,

"non-frost-susceptible soil beneath pavements kept free of snow and ice
can be determined from figures 8-6 or 8-7. For other soils and/or

8-6
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TOP OF EMBANKMENT

NATURAL GROUND

TOP OF EMBANKMENT

NATURAL GROUND

a. TRENCH CONDUIT b. POSITIVE PROJECTING c. NEGATIVE PROJECTING
CONDUIT CONDUIT

U.S. Army Corps of Engineers

FIGURE 8-1. THREE MAIN CLASSES OF CONDUITS
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NATURAL GROUND TOP OF EMBANKMENT
- T PLANE OF EQUAL
=8 SETTLEMENT
> _ i '
L dedh 1V 1|7D . Cu )
' Kulz dh
5 i 2 TE l l |
e o) ' % v ll
| B 9 l
S A | |
o
By |13 |
L CRITICAL PLANE
— g
(/5]
e BEDDING SURFACE - *
a. TRENCH CASE b. POSITIVE PROJECTING CASE
TOP OF . EMBANKMENT
PLANE OF EQUAL
- v SETTLEMENT ~y
@ ' SHEARING FORCES
N r” INDUCED BY
2 SETTLEMENT :
! __y NATURAL GROUND
- AL i
CRITICAL PLANE
Sf+d

LEGEND:
~———w Intial elevation, H = O

c. 4NEGATIVE PROJECTING CASE Final eleYation

U.S. Army Corps of Engineers

FIGURE 8-2. FREE~BODY CONDUIT DIAGRAMS
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1.25 8_ oR
1.25 3. OR
B, + 8 B i
! |
CAREFULLY 7 [
mn?i ‘r_u' /Wi/f L Bc/4
ASTM D 448 PT.7 x %7 Tt
%0. 67 cxusE [S21 oo AN
STONE OR OTHER ). %,
MATERTAL o} ¥~ S W7 Be/2
CONCRETE—J%% 2" v E— B /4 L__Bc/8
&4 b 4" MTN. = 4% MIN.

'LOAD PACTORS 2.8 PLAIN concreTE
3.4 REINPORCED CONCRETE Pw0.4%
_ (TRANSVERSE STEEL)

" _10AD FACTORS 2.8 PLAIN CONCRETE

3.4 REINFORCED CONCRETE P=0.4%
(TRANSVERSE STEEL)

CLASS A-I ! a CLASS A-II

m’.. “ / — 127 M. casgras % /A 12~ wxx.

BACKFILL="]
W\
BEDDING Lo --Bclz
S L 3./
. 4" MIK,
FACTOR 1.9

— 12" MIX

Be= Ou:udc dismeter of pipe ‘
CLASS B = Backfill cover above top of pipe CLASS
¢ D « Ingide dismeter of pipe ’ D
d = Depth of bedding material below pipe
A = Area of transverse steel in the cradle
of arch expressed as 3 percent of the
area of concrete at the invert or crown

NOTE: For rock or other incompressible
material, the trench should be
overexcavated a minimum of 6 imches
and vafi{lled with granular msterial.

CLAY PIPE ENGINEERING MANUAL BY NATIONAL CLAY
PIPE INSTITUTE, 1982, P. 52-53.

FIGURE 8-3. LOAD FACTORS AND CLASS OF BEDDING
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Bc = OUTSIDE DIAMETER OF PIPE

NOT SHAPED
TO FIT PIPE SHALLOW EARTH

CUSHION
IMPERMISSIBLE BEDDINGS

2000-PS/

CONCRETE
OR BETTER
8
N MIN. =
WIN. Vi = INSIDE DIAMETER
H>24'~ V4" PER FT OF i
ORDINARY BEDDING CONCRETE~CRADLE BEDDING.

U.S. Army Corps of Engineers

FIGURE 8-4. BEDDING FOR POSITIVE PROJECTING CONDUITS
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INSTALLATION CONDITIONS WHICH INFLUENCE

LOADS ON UNDERGROUND -CONDUITS

FIGURE 8-5.
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AIR FREEZING INDEX - Degree~Days
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- | ] :
< 30 ’\"\\\ ). Fros! penetrotion depths are based on modified Berggren
g \(\ o formule ond computotion procedures outiined in the
w 40 ; \ - 3 following technical reports of the Arctic Construction
> ﬁ's\,“ ond Frost Effects Loboratory, Corps of Engineers, U.S.
; ARMY: )
:.’ so o. TR-42, Anolytical Studies of Freezing ond
Thowing of Soils, First interim Report, June 1953,
b. TR-67, Frost Penetrotion in Multiloyer Soil
- Profiles, June 1957.
"
© 2. Frost penetrotion depths ore meosured from povement
: 0 . surfoce. Depths shown ore computed for i2-in. PCC
! povements ond ore good approximations for bituminous
0 povements over € to 9-in. of high quolity dbose. For

PCC povemenis grecter than (2-in. in thickness

g * 138 pet so0 text. Depths moy be computed with the

T modified Bearggren formulo for o given iocality if
necessory dota ore ovailable.

30

80

3. 1t wos ossumed in computations that all soil moisture
N — freezes when soil is cooled beiow 32 F.

.’t 4. Y= dry unit weight.

w-s moisture content in percent
bosed on dry unit weight.

60

U.S. Army Corps of Engineers

FIGURE 8-6.

RELATIONSHIPS BETWEEN AIR FREEZING INDEX AND FROST
PENETRATION INTO GRANULAR, NONFROST-SUSCEPTIBLE SOIL
BENEATH PAVEMENTS KEPT FREE OF SNOW AND ICE FOR
FREEZING INDEXES BELOW 800
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FIGURE 8v—7. RELATIONSHIPS BETWEEN AIR FREEZING INDEX AND FROST
PENETRATION INTO GRANULAR, NONFROST-SUSCEPTIBLE
SOIL BENEATH PAVEMENTS KEPT FREE OF SNOW AND ICE
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subsurface conditions, frost penetrations should be determined using
conservative surface condition assumption and standard methods. Table
8-5 lists frost penetration for various locations and figure 8-8.
indicates areas of varying frost penetrations in the continental United
States. 1In all cases, estimates of frost penetrations should be
confirmed by the U.S. Weather Bureau from data gathered at the nearest
station to the proposed site. Frost penetrations are to be based on
the design freezing index for the coldest winter in the past 10 years.
(5) Under traffic areas and particularly where frost condition
pavement design is based on reduced subgrade strength gradual
transitions between frost-susceptible subgrade materials and
nonfrost-susceptible trench backfill will be provided within the depth
of frost penetration to prevent detrimental differential surface
heave. '

8-7. 1Infiltration of fine soils through drainage pipe joints.

a. Broken back culverts. Infiltration of fine-~grained soils into
drainage pipelines through joint openings is one of the major causes of
ineffective drainage facilities. This is particularly a problem along
pipes on relatively steep slopes such as those encountered with broken
back culverts or stilling wells. Infiltration is not confined to
noncohesive soils. Dispersive soils have a tendency to slake and flow
into drainage lines.

b. High water table. Infiltration, prevalent when the water table
is at or above the pipeline, occurs in joints of rigid pipelines and in
joints and seams of flexible pipe, unless these are made watertight.
Watertight jointing is especially needed in culverts and storm drains
placed on steep slopes to prevent infiltration and/or leakage and
piping that normally results in the progressive erosion of the
embankments and loss of downstream energy dissipators and pipe
sections.

c. Steep slopes. Culverts and storm drains placed on steep slopes
should be sufficiently large and be properly vented so that full pipe
flow can never occur in order to maintain the hydraulic gradient above
the pipe invert but below crown of the pipe and thereby reduce the
tendency for infiltration of soil and water through joints. Pipes on
steep slopes may tend to prime and flow full periodically due to
entrance or outlet condition effects until -the hydraulic or pressure
gradient is lowered sufficiently to cause venting or loss of prime at
either the inlet or outlet. The alternate increase and reduction of
pressure relative to atmospheric pressure is considered to be a primary
cause of severe piping and infiltration. It is recommended that a
vertical riser be provided upstream of or at the change in slope to
provide sufficient venting for establishment of partial flow and
stabilization of the pressure gradient in the portion of pipe on the
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MAXIMUM DEPTH OF FROST PENETRATION IN INCHES

THE DATA FOR THIS CHART WERE PREPARED BY THE U. S. WEATHER BUREAU IN

1938 AND PUBLISHED BY '"HEATING AND VENTILATING.'" - IT IS THE BEST
INFORMATION ON THE SUBJECT AVAILABLE AT PRESENT. BOTH VARIABLE-RECORD
OBSERVATIONS AND ESTIMATIONS OF MAXIMUM FROST PENETRATIONS WERE USED,
RESULTING IN A HIGHLY-DETAILED PRESENTATION THAT MAY IMPLY A RELIABILITY

BEYOND THAT ORIGINALLY INTENDED.

FIGURE 8-8. MAXIMUM DEPTH OF FROST PENETRATION
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steep slope. The riser may also be equipped with an inlet and used
simultaneously to collect runoff from a berm or adjacent area.

'd. Flexible joint material. Infiltration of backfill and subgrade
material can be controlled by watertight flexible joint materials in
rigid pipe and with watertight coupling bands in flexible pipe.
Successful flexible watertight joints have been obtained in rigid
pipelines with rubber gaskets installed in close-~tolerance
tongue-and-groove joints and factory-installed plastic gaskets
installed on bell-and-spigot pipe. Bell-and-spigot joints calked with
oakum or other similar rope-type calking materials and sealed with a
hot-poured joint compound have also been successful. Metal pipe seams
may require welding, and the rivet heads may have to be ground to
lessen interference with gaskets. There are several kinds of
connecting bands which are adequate both hydraulically and structurally
for joining corrugated metal pipes on steep slopes. The results of
laboratory research concerning soil infiltration through pipe joints
and the effectiveness of gasketing tapes for waterproofing joints and
seams are available.

e. Flexible joint installation. Installation of flexible
watertight joints will conform closely to manufacturer's
recommendations, and ‘a conclusive infiltration test will be required
for each section of pipeline involving watertight joints. Although
system layouts presently recommended are considered adequate,
particular care should be exercised to provide a layout of subdrains
that does not require water to travel appreciable distances through the
base course due to impervious subgrade material or barriers. Pervious
base courses with a minimum thickness of about 6 inches with provisions
for drainage should be provided beneath pavements constructed on
fine-grained subgrades and subject to perched water table conditionms.
Base courses containing more than 10 percent fines cannot be drained
and remain saturated continuously.
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